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In this paper, it is proposed to synthesize copper-doped barium ferrite (BaCuxFe12xO19) using co-
precipitation technique at different ratios in order to increase the coercivity value which in turn increases
the magnetic storage capacity of the copper-doped barium ferrite powder. This technique is very com-
pactable with lower cost. This method was used to prepare different ratio (0–8%) of copper-doped barium
ferrite samples exposed to sintering process under the temperature 1200 C for 6 h because the base and
doped materials are combined to form a new compound. The sintered compound is involved the XRD
analysis and the obtained values are matched with the constant standards (a = b = 5.864 Å and
c = 23.098 Å). Hence, the samples proved as hexagonal system. TGA/DTA used to establish selected char-
acteristics of materials that exhibit decomposition and oxidation process. FT-IR spectroscopy used to con-
firm the chemical bonds and vibration mode of samples. Using beam of X-rays, XPS spectra obtained and
the binding energy of the sample is measured. From the SEM analysis, the morphology and grain size of
the copper-doped barium ferrite powder materials are found. The vibrating sample magnetometer mea-
sures the magnetic saturation, magnetic reminisce and coercivity of a sample. The magnetic saturation,
magnetic remanence and coercivity values are found and tabulated.
 2016 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).Introduction
This type of ferrite has a high stuffing compactness and is an
extremely magnetic material. It has been used regularly in mag-
netic storage devices such as magnetic tapes, speakers and mag-
netic card strips since it is magnetic and resistant to thermal and
decomposition. Modern development has focused on the applica-
tion of barium ferrite as a durable storage option [1,2]. The mate-
rial has also established to be challenging to various
environmental pressure, including moisture and decomposition.
As barium ferrites are already corroded, it cannot be rusty any pro-
mote. This is one of the reasons for barium ferrites being so oppos-
ing to corrosion and proved to be resistant to thermal
demagnetization. When the temperature increases in barium fer-
rite a magnet, its high intrinsic coercivity improves. Due to high
coercivity, the thermal demagnetization is defied [3,4]. This prop-
erty of barium ferrite materials makes them the mainly opted
material in storage devices, electrical motors and designing of gen-
erators and they are used in recording applications.Ferrite magnets are excellent insulators hence they do not allow
any current flow through them. They are brittle as it is one of the
properties of ceramic materials. It has also fine mechanical proper-
ties, which allow the material to be cut into different sizes and
shapes [4,5]. These types of ferrites are resistant to corrosion and
generally, they are secure to humidity. These ferrites are totally
out classes and metal particles, because they are previously in their
rusty state and hence a protective coating cannot restrict their size.
Compared to the unorganized rod like metal particles, it is easy to
organize barium Ferrite due to its hexagonal pattern [6–8].
The application of this material is found in recording materials,
permanent magnet, magnetic stripe cards and ID cards [9–11]. The
packing density of barium ferrite material is greater because the
size of the material is reduced greatly. The stability of the material
is high due to high packing density. This type of ferrite has to pro-
duce much higher coercively levels due to oxidation. This is the
reason, which makes the hard magnetic material, therefore to be
used in a good recording medium. The scanning instrument is used
to identify the magnetic card stripes, card data’s and bar code of
the ID cards [12,13]. Barium ferrite is formed in any size and shape
using the sintering process, where by the powdered form of barium
ferrite is heated until it is combined to form the new structure
without losing magnetic properties.
Fig. 2. XRD pattern of the powder samples: (a) pure barium ferrite and (b) Cu-2 mol
%, (c) Cu-4 mol%, (d) Cu-6 mol%, and (e) Cu-8 mol% doped barium ferrite.
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unique storage system for Linear Tape Open and it plays an impor-
tant position in the production of LTO tapes. The recording area
depends upon only the packing density [14,15]. Barium ferrite par-
ticle size is reduced as much as possible to increase the recording
efficiency with recording area. The aim of introducing divalent
cations such as copper into barium ferrite is to increase its coerciv-
ity. From the magnetic characterization, the above statement is
proved with the help of VSM characterization. Copper is a very soft,
more ductile and impressionable material. Electrical conductivity
and thermal stability are more compared to other materials. The
atomic number of the copper is 29 and color is reddish-orange. It
is used to make a marine hardware material, coins and thermocou-
ples. The young generation of human body contains 1.4–2.1 mg of
copper per kg of the human body weight.
This small amount of copper is essential for the human being in
the world. Copper is located in group 11 in periodic tables and it
has one ‘‘s” orbital and one ‘‘d” orbital. Generally copper is a high
ductile and low hardness single crystal. The focus of this work is
to increase the storage capacity of copper doped barium ferrite
by increasing the doped ratio of copper produced by co-
precipitation technique [16,17]. From the statement, large number
of capacitors is avoided. This method is used to obtain fine particles
from this homogeneous reaction. From the reaction, excellent reac-
tivity powder is produced to agree with the decrease in sintering
temperature. Compared to other preparation techniques, the co-
precipitation technique produces results that are very clear, accu-
rate and cost effective.
Experiment
Materials
The co-precipitation method is used to prepare pure and
copper-doped barium ferrite. Purified barium nitrate (Ba (NO3)2),
ferric nitrate (Fe (NO3)3), copper nitrate (Cu (NO3)2), citric acid
(C6H8O7) and ammonium hydroxide (NH4OH) are purchased from
scientific material and technology.
Synthesis
The stoichiometric amounts of barium nitrate (Ba (NO3))2, ferric
nitrate (Fe (NO3)3) and copper nitrate ((Cu (NO3)2) are mixed in
deionized water with ammonium hydroxide (NH4OH) and citric
acid (C6H8O7). Citric acid is used to obtain the clear product. The
synthesizing process totally controlled by ammonium hydroxideFig. 1. TG/DTA pattern for pure barium ferrite.to produce various doping percentages of copper nitrate by co-
precipitation method. The precipitated materials are collected by
filtration method and washed 3 times with distilled water. The
final precipitate material is sent to drying process at 80 C for
6 h. The dried material is ground to powder and allowed to
undergo sintering process at 1200 C for 6 h. Finally, the copper-
doped barium ferrite composition (BaCuxFe12xO19) is obtained
by this technique.
Measurements
Powder is used in X-ray diffractometer (Bruker D2 Phaser) with
CuKa radiation (k = 1.541 Å) in the range of 10–80 to identify the
structure of the powder material. Thermogravimetry/differential
thermal analysis is involved to study the thermal stability of the
material using TGA/DTA apparatus (Netzsch STA 409) with the
temperature range of 10–1200 C. The pure and doped copper fer-
rite formation is analyzed using FTIR Spectrophotometer apparatus
(BRUKER ALPH). Using X-ray Photoelectron Spectroscopy (XPS), the
oxidation states of these samples are obtained with the source
operating pass energy with 160 ev. VSM characterization is used
to find the magnetic properties of these samples with an applied
magnetic field of 21 kOe at room temperature.Result and analysis
Thermal studies (TGA/DTA)
TG/DTA is used to determine the characteristics of materials
that exhibit either mass loss or gain due to decomposition and oxi-Table 1
Sample Crystalline size
(nm)
Average
crystalline
size ‘t’(nm)
a (Å) c (Å) Elastic
strain e
(103)
Scherrer
method
W–H
method
Pure 33.6 36.7 33.6 5.869 23.103 3.98
Cu-2% 34.8 35.6 34.8 5.865 23.099 3.92
Cu-4% 35.4 38.8 35.4 5.869 23.103 3.84
Cu-6% 36.7 37.9 36.7 5.861 23.095 3.79
Cu-8% 37.8 38.3 37.8 5.865 23.099 3.75
Fig. 3. Williamson–Hall plot of the powder samples: (a) pure barium ferrite, (b) Cu-2 mol%, (c) Cu-4 mol%, (d) Cu-6 mol% and (e) Cu-8 mol% doped barium ferrite.
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ics, determination of organic content and determination of inor-
ganic (e.g. ash) content in a sample are analyzed [18–20]. The
Fig. 1 shows the TG/DTA plots for the compound containing a mix-
ture of BaCo3, Fe2O3 and doping weight percentage of Cu (NO3)2 is
0 mol%, 2 mol%, 4 mol%, 6 mol%, and 8 mol% respectively.The endothermic peak appeared in the DTA curvature on 840 C.
From the diagram, it is clear that the decarboxylation of BaCO3 rep-
resents the pure carbonate at 980 C and the mixture of carbonate
with iron oxide takes, places around 780 C [21,22]. The complete
structure of barium ferrite is indicated around 980–1200 C. The
exothermic DTA curve indicates that residual of Co3O4 to Co2O3
Fig. 4. FT-IR pattern of the powder samples: (a) pure barium ferrite, (b) Cu-2 mol%,
(c) Cu-4 mol%, (d) Cu-6 mol% and (e) Cu-8 mol% doped barium ferrite.
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Fig. 5. XPS spectrum: (a) pure barium ferrite powder and (b) copper (Cu-6 mol%)-
doped barium ferrite.
846 S. Vadivelan, N. Victor Jaya / Results in Physics 6 (2016) 843–850transformation occurred at the temperature 580 C. The conversion
of this reaction is very fast and it denoted by the manifestation of a
sharp spear joined with the endothermic reaction [23,24]. Due to
elasticity, the effect the hasty exothermic reaction it may be
accurse.
Structural studies (XRD)
The XRD patterns for the synthesized pure and copper-doped
BaFe12O19 compound shown in Fig. 2. The XRD characteristics
peaks confirm the crystal structure is hexagonal according to JCPDS
78-0133. The strong diffraction peaks of pure and copper doped
BaFe12O19 samples exhibit standard peaks at 2h values correspond-
ing to (110), (107) and (114) planes respectively [25]. The
absence of any other peaks (apart from BaFe12O19 peaks) in the
XRD pattern indicates the purity of the synthesized samples. The
broadening of the peaks indicates an increase from exterior to size
fraction and decrease in the diameter of these particles. The crys-
talline sizes (t) of the prepared ferrite powder samples is deter-
mined by Scherrer formula [26],
t ¼ kk
b cos h
 
ð1Þ
where k denotes the Scherrer constant (k = 0.9), k is the well known
wavelength of using X-ray source (k = 1.54 Å), b is the full width half
maximum of the specified diffraction peak and h is the diffracted
angle f the powder samples [27,28]. The crystalline size (t) of the
samples underneath study as quite different from single-line
approach of the XRD reflections is tabulated (Table 1). From the
data the crystalline size of pure barium ferrite is 33.6 nm, while
doping Cu2+ in the barium of copper ferrite increases the crystalline
size. Thus, it can be concluded that the crystallite size strongly
depends on Cu2+ concentration, which impedes the grain growth,
thereby making the crystallite size to decrease with its increasing
concentration. Table 1 shows the elastic strain whose value is
increased with increasing Cu2+ concentration. It reveals that the
possible growth of barium with copper ferrite powder particles
with larger defects in this favored direction; switches over to smal-
ler crystallite size. The lattice constant ‘‘a” is calculated for all the
compositions using this relation [29,30],
1
d2
¼ 4
3
h2 þ hkþ k2
a2
" #
þ l
2
c2
ð2Þ
‘‘d” denotes the d spacing of the XRD pattern and h, k and l are the
Miller indices. The lattice constant values are calculated and tabu-
lated in Table 1 with efficiency of ±0.004 Å. From the table, Cu2+
concentration increases the particle size also increased.
The elastic strains of the samples also calculated by the given
expression [31,32],
e ¼ b
2 cotðhÞ ð3Þ
The elastic constant values are indexed in Table 1.
The Cu2+ concentration is found to be increasing with a decrease
in elastic constant of the powder samples. Using the Williamson
and Hall method, the crystalline size of the powder samples is
found [33,34].
bðhklÞCoshðhklÞ ¼
Kk
D
þ 4eSinhðhklÞ ð4Þ
K is known as the constant (0.9), k is the wavelength of the X-ray
source (1.5406 Å), D is the crystalline size, b be the full width half
maximum of the specified diffracted peak, h, k, and l is the miller
indices and e is the micro strain. Using the above relation, the Wil-liamson and Hall plot are drawn and slope line corresponds to strain
as shown in Fig. 3.
Fourier transforms infrared spectroscopy studies (FT-IR)
FTIR spectrum investigation is used to find the information as
regards bonding in a compound. The spectrum peaks are mainly
dependent on the structure of the crystal, morphology and chem-
ical mixing ratio of the prepared powder materials to determine
the chemical bonding pure and Cu doped BaFe12O19 compounds.
The FT-IR spectra of pure and Cu doped barium ferrite are recorded
in the range of 500–3800 cm1 wave numbers as shown in Fig. 4.
The deep fascination bands Cu–O and Fe–O are present between
the frequency ranges of 550–900 cm1. In addition, the fascination
band below 450 cm1 is due to the deformation of Fe–O bonds in
the deformation of Fe–O–Fe bridges [35,36].
The intense fascination peak around 769 cm1 is related with
O–Fe–O vibration mode. Moreover, the OH stretching vibration
and water molecules are present in the range respectively 3100–
3350 cm1 and 1498 cm1. The bending mode of H–O–H is also
located at the same range of water molecules [37–39]. Increase
Fig. 6. XPS high resolution spectrum: (a) Ba 3d, (b) Cu 2p, (c) Fe 2p and (d) O 1s.
S. Vadivelan, N. Victor Jaya / Results in Physics 6 (2016) 843–850 847in doped concentration of copper nitrate, the O–C–O stretching
band is present in the range 2215 cm1 [40,41]. The material seg-
ment and chemical spotlessness of pure and Cu doped BaFe12O19
compounds are present in the spectra range of 400–4000 cm1.
X-ray photoelectron spectroscopy studies (XPS)
Fig. 5 shows the XPS spectra of the copper-doped barium ferrite
material synthesized by co-precipitation method. The X-ray photo-
electron spectroscopy (XPS) is used to analyze the plane and chem-
ical states of the synthesized samples. The peaks of spectrum of C
1s, O 1s, Fe 2p and Cu 2p are observed in this spectrum [42–44].
The Fig. 6a shows that, the Ba 3d3/2 and Ba 3d1/2 peaks observed
at 780.8 ev and 784.6 ev respectively, which are used to character-
ize the sample. Ba2+ ion is presented in the compounds and it rep-
resents the binding energy spectrum.
Fig. 6b shows the presence of XPS spectra of Cu doped barium
ferrite peaks Cu 2p1/2 and Cu 2p3/2 at the obligatory power values
of 893.4 eV and 889.5 eV. These peaks conformed the Cu2+ ion pre-
sent in the barium ferrites [45–47]. Fig. 6c shows the Fe 2p center
crust XPS spectra of copper ferrite. This result is in close agreement
with previous literature for Fe3+ ion in ferrite materials. Signifi-
cantly, the high-resolution XPS spectra of Fe 2p shown in Fig. 6c
can be fitted into two distinct peaks located at 708.73 eV and
713.43 eV.These peaks correspond to the obligatory power of Fe 2p3/2-
Fe2+ and Fe 2p3/2-Fe3+ ions. Therefore, the oxidation states of iron
(Fe) in the prepared nanoparticles definitely consist of both Fe3+
and Fe2+ ions [48]. From the XPS spectra of the O 1s region found
at 534.23 eV, as shown in Fig. 6d. This peak is associated with cor-
responding binding energy of O2 metal group observed from the
surface of the sample.
Scanning electron microscope studies (SEM)
From the scanning electron microscope analysis, the grain size
and morphology of the prepared pure and copper-doped barium
ferrite samples are found. The grain size increased with increasing
the Cu doped percentage shown in Fig. 7. From Fig. 7, the grain size
increases in the order of 2–50 lm with increasing copper-doped
percentage (0–8%). The barium ferrite particles have comparatively
a large air gap between each other, which reduces the strength of
relations between separated particles. This characterization is
mainly used to identify the material porosity of that material.
Magnetic studies
From the magnetic studies, the magnetic saturation, magnetic
remanence and coercivity values are found [49,50]. The hysteresis
loops for pure and copper-doped barium ferrite are shown in Fig. 8.
Fig. 7. SEM image of the powder samples: (a) pure barium ferrite and (b) Cu-2 mol%, (c) Cu-4 mol%, (d) Cu-6 mol%, and (e) Cu-8 mol% doped barium ferrite.
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Table 2. After doping, the observed saturation magnetization
(Ms) increases from 11.7 to 34.9 emu/g with increase in the copper
percentage.
The saturation magnetization (Ms) value of pure barium
ferrite is 11.7 emu/g at 300 K. From the hysteresis loop, the
remnant magnetization (Mr) of the pure and copper-doped barium
ferrite is increased with increase in doped percentage of copper
[51]. The remnant magnetization (Mr) at 300 K for pure and
copper-doped barium ferrite is 0.00260 emu /g and 4.09 –26.0
emu/g.
From this ratio (Mr/Ms), the squareness values are obtained. The
SQR value increases with increasing doped percentage of copper[52,53]. The SQR value of the pure barium ferrite samples at
300 K is 0.349 and doped percentage of nickel is increased thereby
increasing the SQR value simultaneously. From the hysteresis loop,
the value of 7% copper doping calculated as 0.736 at 300 K. How-
ever, the SQR values depend on the temperature. The coercivity
value for pure barium ferrite is 854.128 Oe at 300 K. In addition,
the copper doping percentage (0–8%) is increased with increasing
the coercivity value (851.128 –856.651 Oe). After doping, the
observed Ms Value increases from 11.7 emu/g to 34.9 emu/g with
increase in the copper-doped percentage. From the data, SQR value
is obtained as dependency of the temperature and copper-doped
percentage. Based on the sample density, SQR and coercivity value
is varied [54].
Fig. 8. Hysteresis patterns for powder samples: (a) Pure barium ferrite and (b)
Cu-2 mol%, (c) Cu-4 mol%, (d) Cu-6 mol%, and (e) Cu-8 mol% doped barium ferrite.
Table 2
Sample Ms (Saturation
magnetization)
(emu/g)
Mr (Remnant
magnetization)
(emu/g)
(Mr/Ms)
ratio
Hc
(Coercivity)
(Oe)
Pure 11.7 4.09 0.349 851.128
Cu-2% 24.3 8.99 0.369 852.171
Cu-4% 29.4 11.09 0.377 854.162
Cu-6% 31.3 12.7 0.405 855.892
Cu-8% 34.9 26.0 0.744 856.651
S. Vadivelan, N. Victor Jaya / Results in Physics 6 (2016) 843–850 849Conclusion
Hexagonal structure copper doped barium ferrite was
effectively synthesized via co-precipitation technique. From the
XRD analysis established, the configuration of structure is
hexagonal. The SEM image clearly explained that with the dopant
ratio’s increase simultaneously grain size also increased from 2 lm
to 50 lm respectively. Hysteresis loop results show the coercivity
(Hc) increased sharply from 851.128–856.651 Oe for increasing
the dopant ratios of copper at 300 K. The main aim of this work
is to increase the storage capacity of this material because we
avoid the more number of storage capacitor due to convenience.
The magnetic properties of these samples are affected greatly
through the preparation and sintering process. This method is very
easy, low cost and preparation area is compatible. Based on results
and experimental method this technique is remarkable compared
to other techniques.
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